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PRESENCE AND REGQULATION OF THE SYNTHESIS OF TWQ ALCOHOL
DEHYDROGENASES FROM SACCHAROMYCES CEREVISIAE

L. Schimpfessel®*

"IntroduCtioﬁ‘ - /31TRE

The Saccharomyces. cerevisiae yeast can grow using ethanol
as the only source of carbon, regardless of whether the'ethaﬁol is
provided as the sole source of carbon, or whether after an aerobic
growth on glucose, the yeast assimlilates the ethanol, a product of
the aeroblce fermentatlon, accumulated in the medium. The curves
of prolonged growth on glucose reveal this phenomenon by the
appearance of a double growth.

This work is devoted to the study of the first enzyme of
ethanol assimilation In S. cerevisiae: the alcohol dehydrogenase
(alcohol: NAD oxldoreductase, EC 1.1.1.1).Actually, the growth
of the yeast on ethatiol involves the oxidation of aleochol in
acetate with the transient formation of acetaldehyde. The presence
of enzymes 1nvolved in thils oxidétion -- the alcochecl dehydrogenase ég;ﬁ
that oxldizes the ethancl to acetaldehyde and the aldehyde dehydro-
genase that oxlidizes the acetaldehyde to acetate -- has been duly
established in the case of S. cerevisiae.

While the alcohol dehydrogenase of yeast has been the object
of a number of studies both from the standpoint of its structure
and from the standpoint of its working mechanism, few works, however,
have dealt with 1ts regulation. 'Since it iz only slightly subject to
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in yeast until lately.

But in 1957, Galzy and Slonimski [3] observed higher rates of
alcohol dehydrogenase activity in S. Cerevisiae grown in a medium
where lactate is the sole source of carbon than in yeast grown on
glucose. The slgnificance of these high alcohol dehydrogenase con-
tents on lactate did not, however, appear immediately, even consid-
ering the possible dual role of the reaction catalyzed by the alco-
hol dehydrogenase. This observation induced us to resume the study
of aleohol dehydrogenase regulation in yeast. The details of our
results are presented hereinbelow; a brief summary of these results
has already been published [8, 10]. There are two independently
regulated alcohol dehydrogenases (I and II}, and the catabolic de-
repression of dehydrogenase II 1s responslble for the sharp varia-
tions observed. More recently, Witt, Kronau and Holzer [11], on the
one hand, and Hommes [U4], on the other, confirmed the variations of
the overall alecohol dehydrogenase content without making a distinc-
tion between the two forms of alcohol dehydrogenase. These authors
showed that the alcohol dehydrogenase activity rate can vary consid-
erably in yeast, depending on whether 1t has glucose or not, and
when 1t does, depending on the initial glucose concentration in the
medium. Holzer deduced that the alcohol dehydrogenase synthesls 1s
repressed by glucose. This glucose effect at the alcohol dehydro-
genase level permits control of the intensity of gluconeogenesis "
from ethanol, which becomes useless when the cell has glucose for

its growth.

Tn the case of 8. cerevisiae, this work establishes the indi-
viduality of two alcohol dehydrogenases involved in different
metabolisms. In 1957, Ebisuzaki and Barron [2] had already
described the presence of a second alcohol dehydrogenase in yeast
without attributing a specific role to this new enzyme in its
metabolism. Actually, while the classic alcohol dehydrogenase of
veast (alcohol dehydrogenase I) is directly linked to glycolysis
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where it ensures the reoxldation of NADH‘whiléﬁreducing the acetal-
dehyde to ethanol, the new alcohol dehydrogenase (alcohol dehydro-
genase IT) ensures the entry of ethanol in the metabolism by
oxidizing it to acetaldehyde. The synthesis of this latter alcohol
dehydrogenase is the one that 1s sensitive to repression by glucose.
The two enzymes have been distinguished on the basis of thelr
enzymatic specificity, thelr thermostability and their heat

inactivation kinetles.

Material and Methods

Yeast Straln

The yeast straln used is a pure straln of bakert!s yeast
{Saccharomyces cerevisiae), normal diplo¥d "yeast foam{™

" Culture Media
The complex natural medium with glucose contains, per liter:
yeast extract, 2.5 g; KH,POy, 2.7 g3 (NHH)ESOQ, 2.6 g; MgSOH-THEO, #4319
0.25 g; glucose, 20.0 g. The solution 1s carried to a final pH

of 6.5 and sterilized in an autoclave.

The eculture medium with ethanol i1s the same complex natural
medium as the preceding one, but without glucose. The solution is
carried to a final pH of 5.0 and sterilized 1n an autoclave.

20 ml of ethanol sterilized by filtration are added per liter of
medium in a sterlile manner.

The culture media with acetate and lactate are prepared
substituting for glucose either 6 g per liter of potasatum acetate,
or 22.4 ml per liter of a 50% solution of sodlium lactate. The
solutions are carried to a final pHideS;QQand sterilized.



Growth of Yeasts

Growths, followed with a Beckman B spectrophotometer at 660 nm,
are carried out at 30°. Aeration of the cultures is provided by
constant stirring of the balloons on the mechanlcal incubator.

Anaerobic cultures are produced in 6-liter balloons containing
4 liters of medium stirred by means of a magnetic bar in a niltrogen
atmosphere. The cells are collecteddby centrifugation in the
exponential phase of growth (degree of absorption 1.2).

Preparation.of the Extracts

After centrifugation of the culture at 0° for 4 min at 3000 x g,
the yeast deposits are washed in distilled water and returned to
suspension in a 0.05 M phosphate buffer (pH:7.7)at the rate of apout 5 g
of molst weight and 15 ml of the buffer.  This suspension is then .
exposed to supersonic vibrations for 5 min in a Raytheon apparatus
(10 Ke - 250 W). The total extract obtalned is then centrifuged
at 3000 x g for 5 min: the deposit obtained consists of two layers:

a lower layer, consisting of intact cells; the other one, an upper
layer, consisting of cell walls. The supernatant, which consists
of the raw extract is maintained at 0°. PFinally, the raw extract
is centrifuged at 100,000 x g for 30 min, resulting, on the one
hand, in a gelatin-1like deposit consisting of the cytoplasmatic
granulations and, on the other hand, the supernatant.liquid or
soluble fraction.

The proteins are determined by the biuret method.

" Measursment of the Alcoh

The alcohol dehydrogenase 1ls determined in the soluble extract
according to Rackert's [7] method, with respect te oxldatlon of
ethancl and acetaldehyde.



In the presence of an excess of ethanol the reduction rate of
NAD 1s proportional to the enzyme concentration. The formation of
NADH is followed in the Beckman DKl with an optical path of 1 cm
and a wavelength of 340 nm.

The specific activities of alcohol dehydrogenase are expressed
in rational units, i.e., in pM of NADH formed by h/mg proteins,
bearing in mind the coefflclent of molar extinction of NADH
(6.22-103).

Results - /320

Development of the Alcohol Dehydrogenase Activity During the
Growth of S. Cerevisiae on Glucose

A prolonged growth of S. cerevisiae on glucose involves,
essentially, three distinct phases: (1) the exponential phase of
growth on glucose where the yeast ferments the gluccse producing
ethanol, which accumulates in the medium; (2) the phase of slacken-
ing and latency where the exhaustion of gluccse 1n the medium
causes the arrest of growth at the expense of this sugar; and (3)
the phase of exponential growth on ethanol where the yeast
assimilates the ethanol accumulated during fermentation (see Fig. 1).

In corder to establish a possible correlation between the
evolution of the cell physiology during thils double growth, and
the enzyme equipment of the yeast, determinations of the alcohol
dehydrogenase activity were conducted with the soluble fractions of
yeast extracts collected throughout growth.

A notlceable increase In the specific activity of this
enzyme occurs during phases (2) and (3). (see Fig. 1).at the time
when the yeast,_having exhausted the glucose present In the medium,
adjusts to reduce the accumulated alcohol.



01 E o " Culture Carbon Source and

20 ‘ " Rate of Activity of Aleohol
150 ; " Dehydrogenase

§1& . The determination of the
§°5 oo rates of activity of alcohol

-E' ; -E b dehydrogenase in the raw

ag _ : %05 extracts of S. cerevisiae after
g gt ¢ . growth on different carben

0 substrates has yielded the

C termps (n) -

Fig. 1. Growth of 3. cere~
visiae on glucose (e) and

following results (see Table I).

Specific activities of alcchol
dehydrogenase (o). For details ALl of the yeast extracts
of the.phases, see text. grown on ethgnol, lactate, or

Key: a. Log degree of absorption glycercl as the sole source of
b. Specific activity carben exhibit much higher

c. Time (in hours) alcohol dehydrogenase contents

than the yeasts cultivated on

glucocse.

TABLE I. RATE OF ACTIVITY OF ALCOHOL DEHYDROGENASE AC-
GCORDING' ! 'TO - THE: NATURE 'OF1THE /CULTURE  CARBON:{:SUBSTRATE.

R} D . Specific Activity {units) .
Carbon Duration ~% Alcohel Dehydrogenase

Source (g) of of Yeasts Collected in
Growth the: - _ 1
(min) Exponential Stationary ‘
Phase Fhase
Glocose 45 20 6o - [
. Ethanol 260 170 250 :
Lactate 260 < 200 260
Acétate 160 110 —_ !
Glycérol 260 250 _— !




Comparative Study of Aldohdl‘DehydrogénESE’ACtivities'in
S. Cerevisige According to the Nature of the Culture Carbon
" Substrate

Thermostabllity. In order to determine the respective thermo-
stabllity of the different alecohol dehydrogenase preparations, /321
soluble extracts are exposed for 5 min to the action of increas-
ing temperatures, and their residual activity is determined at
the regular temperature (Fig. 2). The alcohol dehydrogenase of
the extracts from yeasts cultivated on ethanol (extract II) exhibit
a greater thermostabllity than the thermostability of the aerobic
or anaeroblc yeasts on glucose (extract I).

Insofar as the extract on
100! lactate 1s concerned, it might
consist of a mixture of the two
types of alecohol dehydrogenase.

Pourcentage dactivité

a The inactivation temperature,
S 50: or the temperature at which a
Tempéroture " 5-min treatment suffices to in- /322
Fig. 2. Residual activity of activate 50% of the initial

%E;gﬁoiegghgggggﬁgﬁieagfggg_a activity of alcohol dehydrogenase

ferent temperatures: e, yeast (according to Kaplan [5]) is

extract cultivated on glucose: .
o, yeast extracts cultivated derived from these measurements

on ethanol. of thermostability (Table II).

Key: a. Percentage of activity

TABLE II. TEMPERATURE OF INACTIVATION OF ALCOHOL DEHYDROGENASE AC-
' CORDING TO THE ORIGIN OF THE EXTRACT.V

Qrigin of Extract Inactivation Temperature Type of Alcochol
e o 0 Dehydrogenase
Glucose/air 599 Alcohol dehydrogenase I
Glucose/N, - 60° Alcohol dehydrogenase T
Ethanaol - - 70° Alcohol dehydrogenase II
Lactate e . 66.5° Alcohol dehydrogenase I
B TS e T T .




Heat Inactivation Kinetilecs

For the purpose of quantitatively evaluating the relative heat
reslstance of alcohaol dehydrogenases, soluble extracts of yeast on
glucose (I) and on ethanol (II), previously diluted so as to
Include the same protein concentrations, as well as a mixture of
the two extracts, are exposed to the action of heat, at specific
temperatures (53°, 57°, and 61°) for different intervals; their
resldual activity is then measured at room temperature [12].

w

. log actlivité spéclfique

O W T2 30 0 w0 220 2

: b fempsde chauttage tmin)
Fig. 3. Heat denaturation of alcohol
dehydrogenases at 61%. a. Heat in-
activation kinetics of alcochol de-
hydrogenase I (e), of alcohol dehydro-
genase II (o) and of a mixture (+).
b. Inactivation :lines -‘of
alcohol dehydrogenase I (e) and II

(0) calculated on the basis of the
data of a. ‘

Key: a. Log of specific activity
b. Heating time (min}

Figure 3a represents
the inactivation kinetics
at 61°. Thermodenatura-
tion leads, both for the
extracts treated sepa-
rately and for the
mixture, to complex
kinetices which reveal
the heterogeneity of the
three samples. But
while the alcohol de-
hydrogenase present in
extract I (glucose) 1s
inactivated by more than
90% after 12 min at 61°,
the enzyme of extract II
(ethanol) retains almost
90% of its initial

actlvity after this treatment. This confirms that the alcohol de-
hydrogenases present in the two types of extracts differ at least
from the standpoint of their thermostability. The inactivation
lines of the two types of alcohol dehydrogenases were calculated
on the basis‘of'the'EXPePimental data (Fig. 3b) and permitted the
determination of the respective half-l11lfe of the two components

(Table TIT).



TABLE III. HALF-LIFE OF ALCOHOL DEHYDROGENASES AT 61°.

. Alcohol Dehydrogenase Type . . .. Half-Life at. 61° .. .

Alcohol dehydrogenase I 1 min 39 sec
Alcohol.dehydrogenase IT 87 min 45 seec

These values are encountered again both for the components
of the extract on glucose and for those of the extract on ethanol,
thus confirming the identity of the two components that constltute
the extract in both cases.

The extrapolation of zero time of the linear portions of the /323
two curves makes 1t possible to determine the percentage of thermo-
sensitive (alcohol dehydrogenase I) and heat-resistant (alcochol
dehydrogenase II) components in the different extracts (Table IV).

TABLE IV. ALCOHOL DEHYDROGENASE I AND II CONTENT OF THE DIFFERENT

EXTRACTS.
Qrigin of the Alcohol Dehydro=:u.Akcohol Dehydro-
Extract genase I (%) genase II (%)

Glucose/alir (exponential

phase) 93 7
Glucose/air (staticnary

phase) 64 36
Glucose/nitrogen 98 2
Ethanol 37 63
Lactate 55 45

The comparison of the oxidation rate of different alcohols,
under standard condltlons, by the soluble fractions of yeast
extracts has made 1t possible to establish the spectra of speci-
ficity of the different extracts.



The alcohols used include molecules of Ci, 02, 03, 04, 05
and Cg. They are, respedtively, methyl, ethyl, n-propyl and
isopropyl, n-butyl, see-butyl and isobutyl, n-amyl and n-octyl
alcchols; furthermore, ethylene glycol and glycercl have also
served as a substrate. The conditions of determination are /324
similar to those described for the determination of alcohol de-
hydrogenase with alcohol concentrations identical to those of the
ethanol ' coneéntration.. ..

The results are shown as a graph where the activities are
expressed in a percentage of activity for ethanol taken as 100%
(see Fig. 4).
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h
?
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Pourcentoge doctivitg
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Fig. 4. Spectra of specificity of alcohol dehydrogenase of the
different yeast extracts. A, glucose/air, B, glucose/nitrogen;
¢, glucose/alr - enduof growth; D, ethanol, and E, lactate.

Fig. 5. Spectra of specificity of alecohol dehydrogenase I (M),
gp alohol dehydrogenase II (I0);and of commertial crystalline
alcohol dehydrogenase (#).

Key: a. Pefcehtagé of activity
b. Ethylene glycol
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The activities of alcohol dehydrggenaséifrom 3. cerevlsiae
extracts exhibit:sigﬁificant:diffefendes in speclficity with
respect to the alcohols studied, depending on the nature of the
culture carbon substrate: while the alcohol dehydrogenase activities
of yeast extracts cultivated on glucose, both in the presence and
absence of oxygen, present great similarities, they are clearly
distinguished from the yeast extracts from cultures on ethanol or
lactate as the sole source of carbon, the latter activities behave
in a similar manner one with respect to the other.

With respect to the change of carbon source that takes place
naturally at the end of aerobic growth on glucose, 1t is accompanied
by a change in the specificlity of the extract opposite the alcohols,
which reflects a variation of 1ts composition in aleohol dehydro-

genases.

Figure 5 Includes, in one same graph, the alcohol dehydrogenase
activities of commerclal Boehringer crystalline yeast (values given
by Barron and Levine [1]) and the relative activities of two
soluble preparations of S. cerevisiae cultivated on glucose on the
one hand (alcohol dehydrogenase I) and on ethanol on the other
(alcohol dehydrogenase II).

The activities of alcohol dehydrogenase I are comparable to
those of crystalline aleochol dehydrogenase, while the activities
of alcohol dehydrogenase II are distingulshed by a greater oxidation
of the higher alcohols.

- Oxidatilon of Clnnamlc Alcohol

Ebisuzaki and Barron [2] déscrlbed the presence of a second
alcohol dehydrogenase in yeast, which they also called alcohol
dehydrogenase II. Cinnamic alcohol, which is oxidized
ten times fTaster by alcohol dehydrogenase II than by the classical

11



alcohol dehydrogenase appears among the alcohols that are oxldized
by this new enzyme.

The study of the enzymatic specificity was extended to -
cinnamic alechel in order to establish an eventual identity
between the alcohol dehydrogenase II of Ebisuzaki and Barron and
the heat-resistant alcohol dehydrogenase II revealed in the dif-
ferent yeast extracts during the present study.

Table V groups the relative activitles for cinnamic alcohol
of the different extracts, bearing in mind that a value of 100 /325
1s attributed to the activity opposite ethanol.

TABLE V. OXIDATION OF CINNAMIC ALCOHQL BY DIFFERENT

EXTRACTS.
Origin of the Extract Oxidation Actlvity of
Cinnamle Alcohol
Glucose/No b
Glucose/air (exponential phase) 4
Glucose/air (stationary phase) 26
Ethanol 36
Lactate 30

These results, which are close to those of Eblsuzakl and
Barron, would appear to Indlicate that there is identity between
the two enzymes, aft least on the basis of the actlvity with
respect to cinnamic alcohol.

" Thermal Denaturation and Enzymatlc Specificity

When the soluble fraction of a yeast extract grown on glucose
is exposed to a heat treatment at 61% for 15 min, it loses 90%
of its alcohol dehydrogenase activity. Thls moderate heat treat-
ment produces the'selective'inactivation'of the more thermosensitive
enzyme, alcohol dehydrogenase I, without simultaneously denaturing
the other componént,‘alcohOl dehydrogenase II (according to Fig. 3a).

12



Immediately following this treatment,.thé'samples are co®led
on ice and the oxidation activities of the different alcchols are
then measured af room temperature.

Table VI shows the speciflcity results prior to and after the
heat {reatment.

TABLE VI. ENZYMATIC SPECIFICITY PRIOR TO AND AFTER A HEAT TREATMENT
AT 61° FOR 15 MIN.

Alcohols . ‘ ‘ Prior to After
n-Propanol 31 49
n-Butanol : 15 36
Isobutanol 1.6 3.9
Cinnamic alcohol £.5 21
Octanol 1.4 9.2

The specificity of the residual activity is substantially
modified in the direction of an increased oxidation of the higher
alcohels. Conversely, a similar heat treatment carried out with a /326
scoluble extract of yeasts grown on ethanol dces not modify the

specificity.

Differentlial Synthesis Veloclities of Alecohol Dehydrogenases
During Prolonged Growth on Glucose

The resistance of alcohol dehydrogenase II to inactivation at
the time of a moderate heat treatmenf hasupermittedithe evaluation
of its relatlive concentration in yeast extracts recovered at 4if-
ferent optlcal densities.

The samples of soluble extracts are placed for 15 min at 61°,

then cooled rapidly on lce. Thelr residual activity is then
measured at room temperature.

13



The activities prior to and after this tréatment,

as well as

the percentage of alcohol dehydrogenase II samples are set forth
in Table VII.

TABLE VII.

ACTIVITY OF THE TWO ALCOHQL DEHYDROGENASES THROUGHCUT

PROLONGED GROWTH OF SACCHAROMYCES CEREVISIAE ON GLUCOSE.

De%ree Activity of Alcohol Dehydro- % in Alcohol De-
oL . hydrogenase II
Absorption Initial After heat Alcohol deh¥-
denatura- drogenase
tion (alce- caleulated by
hol dehy- difference
drogenase )
I)
0.400 72.7 2.4 70.3 3.3
©.840 68.6 2.45 66 3.6
1.200 57.4 2.9 54.5 5.1
© Ls6o 8g.3 5.5 83.7 6.2
1.700 Q0.5 8.4 82 9.3
1.860 100.5 17.7 83 17.6
lL.y40 119.6 23.4 g6 19.5
2.200 155 50 106 3z
3.200 170 61 109 36

A graphic representation of the differential synthesis velocity

of the different alcohol dehydrogenases during growth of S.

cere—-

vislae on glucose is obtalned measuring the quantity of synthesized

dehydrogenase with respect to the quantity of proteins synthesized

(Fig. 6).
0O

£

g

Ead /
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« Q 250 8500 750

Protdéines (pg fmt)

Fig. 6.

Differentlal synthesis -
veloclty of alcohol dehydrogenases.

e, total alcohel dehydrogenase; a,

alcohol dehydrogenase 1I.

Key: a. Activity (units/ml)
b. Proteins { .

14

A clear discontinulty
appears in the synthesls

of the overall alcochol de-

/327

hydrogenase, which is mainly

the reflection of the start
. of the synthesis of alcohol
- dehydrogenase II.

Finally, these results
permlt the calculation of
the differential synthesis



Velocities of the different alcohol dehydrpgénases in units of
activity per lOO,ﬁg of proteins, and the-evaluation-of the rate of
repression of the different enzymes during the exponentlal phase -
stationary phase transition (Table VIII).

TABLE VIII. DIFFERENTIAL SYNTHESIS VEIQCITIES AND DEREPRESSION RATES
OF ALCOHOL DEHYDROGENASES.

Enzymes Phases Differential Rates of
Synthesis Derepression
Velocities

{units/100 ug)

Total alcohol dehydro- Exponential 6 5.

genase Stationary _ 32.5 )
Exponential 5.7

Alcohol dehydrogenase T Sﬁéﬁi&nary 12.5 2.2

Alcohol dehydrogenase I LXponential 0.3 66.0

Stationary 20

Discussion and Conclusions

The comparative study of alcohol dehydrogenase activities
present in S. cerevisiae grown on different carbon substrates proves
the existence of two different proteins with alcohol dehydrogenase
activity: alcohol dehydrogenase I, present mainly in yeast both
in derobic and anaeroblc growth on gluceose, and aleohol dehydrogenase
IT, responsible for the major part of the alcohol dehydrogenase
activity of yeast extracts on ethanol. Insofar as the alcohol
dehydrogenase activity of yeast extract on lactate is concerned,
it is due to the presence of a mixture Qf the two types of enzymes
in the extract.

It seems that the two enzymes can produce two distinet. .
metabolisms, since they develop differently in the yeast;:dépending
on thé nature of the culture medium. Thus, alcchol dehydrogenase I,
produced mainly by the yeast fthat assimllates the sugar according

15



to an essentially fermentative metabolism, must functilon in vivo

in a physlclogical manner, namely, the'rédUCtion of acetaldehyde

in ethanol. It is the fermentatlive alcohol dehydrogenase, whose
Specificity is marked by the acetaldehyde, which probably consti-
tutes its only physiological substrate. On the other hand, alcchol
dehydrogenase II, which develcops when the yeast grows on ethanol

as the only carbon source, belongs to the oxidative metabollsm
acting principally by oxldation of ethanol in acetaldehyde. It is
the oxidative alcohol dehydrogenase, which has a high degree of
specificity for 03 and Cu alcohols and which might also play a role
in the detoxification of the cell opposite the higher alcohols.

The evolution of the yeast-cell content in the two aleohol
dehydrogenases during aerobic growth on glucose confirms.the role
attributed to the two enzymes.

With the exception of the above-cited study of Eblsuzaki and
Barron, few works led their authors o consider the possibility of
a hetefogeneity of the alecohol dehydrogenase of the yeast.

In a recent review, Sund and Theorell [9] estimate that the
present results do not make it possible to definitely conclude
that there are two different alcohol dehydrogenases in yeasts.

By means of the application of criteria such as thermo-
stability and specificity, this work provldes addltional arguments
in favor of the heterogeneity of alcohel dehydrogenase in yeast.
Furthermore, the comparative'study of the oxidation velocity of
cinnamic alcohol by the two enzymes eftablished a similarity
between alcohol dehydrogenase II described by Ebisuzakl and Barron
and the oxidative alcohol dehydrqgenasé,.which would appear to
deflnitely confirm the existence of the two different énzymes in
S. cerevlslae. |

16



The presence of two alcohol dehydrogenases in yeast thus con-
stitutes a new example of the division of an enzyme involved 1n two /328
metabolic pathways having a common stage to ensure coordination [6].

Insofar as the regulation of alcohol dehydrogenases is con-
cerned, the experiments described suggest that the alcohol dehydro-
genase II synthesis is rrepressed: by glucose. Actually, this
enzyme appears either at the end of growth on glucose, or growing
on a substrate such as lactate or ethancl. The facts observed by
Galzy and Slonimski [3] thus correspond te the derepression of the
oxldative aleohol dehydrogenase caused by the absence of glucose,.
With respect to the repression of alcohol dehydrogenase by glucose
described by Witt, Kronau and Holzer [11], the evaluation of the
derepression rates suggests 'that: it is the oxidative alcohol de-
hydrogenase that is mainly repressed at the time of the growth of
yeast on glucose. Conversely, the exhaustion of gluccse in the
medium modifies the rate of synthesls of ithe: fermentative enzyme,
whose regulation seems to be related to the constitutive enzynme,
only slightly.

In conclusion, the S. cerevisiae yeast synthesizes two differ-
ent alcohol dehydrogenases, both as a result of their thermostabil-.
ity,and of their specificity. Thelr physical preparation and their
purlfication are currently being studled. This division of the
enzymes, which makes 1t possible te independently regulate the two
functions in which the alcohol dehydrogenase participates, raises
the problem of the origin and evelution of these dehydrogenases
within the framework of the c¢hain of evolutive differentiation,
which has led to the extremely large number of types in the yeast
family.

Summary

Saccharomyces cerevlisiae is able to synthesize two different
alcohol dehydrogenases according to the culture carbon source: an
17



alcohol dehydrogenase I produced by the cell in aerobilc or
anaeroblc growth on glucose (fermentative alcohol dehydrogenase)
and an alcohol dehydrogenase II produced by the yeast grown on a
respiratory substrate such as lactate or ethanol (oxidative
alcohol dehydrogenase).

The difference between the two alcohol dehydrogenases was
shown by the study of: (1) their heat denaturation; (2) thelr

Substrate specificity.

These two enzymes have common properties: both of them
require NAD as a cofactor and both have the same optimal pH.

Alechol dehydrogenase II 1s repressed by glucose.
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